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Abstract: Fish generally can tolerate a pH range from 6.5 to 8.5. The recirculating aquaculture system always
depends on nitrifying bacteria to transform toxic ammonia into nitrate-nitrogen, and this transformation process
will reduce the pH of culture water. When the value of pH is below 7, the activity of nitrifying bacteria will be
decreased . If the value of pH is below 6, the nitrifying bacteria will be inhibited and do not remove toxic nitrogen
wastes. The value of pH affects ammonia form in water. At a pH of 7.0, most of total ammonia are in the
ionized form, while at a pH of 8.75, up to 30 percent of total ammonia are in the un-ionized form. The un-
ionized form of ammonia is extremely toxic to most fish. The optimum pH range for recirculating aquaculture
system should be from 7 to 7.5 and it’ s necessary to monitor and control the value of pH in the industrialized
culture water. Though the pH auto control system is used widely in industry and environment field, there is no
effective pH control system applied to industrialized aquaculture. The pH control is recognized as one of the most

difficult problems in the process control field because of its highly nonlinear nature. In the recirculating
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aquaculture system, because the optimum variation of pH is a very small range from 7 to 7.5, it can be
considered as a linear parameter. As the pH of culture water decline gently, electromagnetic valve was chosen as
control element. Based on the experience of the pH control in industry and environment field, we used PID
arithmetic to control electromagnetic valve with the method of duty ratio to add chemical neutralization solution,
which was mixed by sodium hydroxide and sodium bicarbonate, so that we built a pH on-line auto control system
which could meet the needs of pH control in recirculating aquaculture water. For controlling the pH of aquaculture
water, the most commonly used buffers are sodium bicarbonate and calcium carbonate, but calcium hydroxide,
calcium oxide, and sodium hydroxide have also been used. In this system, we used sodium hydroxide and
sodium bicarbonate as neutralization solution. According to the experiment we found that sodium hydroxide
changed pH very quickly, but it could not increase alkalinity as to cause electromagnetic valve to work so
frequently that its life-span decreased greatly. Adding sodium bicarbonate could maintain culture water in the zone
of high alkalinity and electromagnetic valve did not run frequently. Usually, the addition of sodium bicarbonate at
a rate of 17 to 20 percent of the daily feeding rate is sufficient to maintain pH and alkalinity. Actually, it was
difficult to meet the needs of pH and dosage of sodium bicarbonate at same time when we used sodium
bicarbonate solely. So we used sodium hydroxide and sodium bicarbonate together. Considering all factors such
as pH, alkalinity, the dosage of the neutralization solution and life-span of electromagnetic valve, the
concentrations of the sodium hydroxide and sodium bicarbonate were determined as 2 g+L~' and 19.6 g-L™',
respectively. The parameters of PID which controlled sodium hydroxide were K, =4, T;=240s, T;=30 s and
the parameters of PID which controlled sodium bicarbonate were K, =6.5, T; =120 s, T, =30 s. Because of
using electromagnetic valve, the cost of this system was much lower than other pH auto control systems and this
kind of pH control was suitable to recirculating aquiculture system .

Key words: industrialized aquaculture; pH; automatic control; PID; electromagnetic valve
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Fig.6 The curve of NaOH continual control
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Fig.8 The curve of mixture continual control
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Tab.1 The control period and dosage of NaHCO,
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#H AW (s)  control period

H&(g) dosage

612 405
540 350
597 370
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Tab.2 Result comparison in different concentration of NaOH solution

PIDl Kp=6, T;=240 s, T;=30 s PIDO Kp=8, T;=120 s, T;=30 s

enccsasion NiOH(g) NeHCOy () ool period
NaOH 1 NaHCO; 11 4.2 144..37 463
6.1 206.25 500
7.0 216.56 538
NaOH 2 NaHCO; 11 1.88 22.69 113
0.94 18.56 76
1.88 20.63 82
NaOH 3 NaHCO; 11 0.94 10.3 53
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RIEHFERAEGASHBEBR L, X TAREM hHBAY 5~6 R, B XREEH EYLE 180 ~ 240 s
SL.EANMERE 2 MIKEHEM PID 35,24 2ZH.

*3 AEREHR NaHCO, & il B8 T H T L

Tab.3 Result comparison in different concentration of NaHCO; solution
PIDI K,=6, T;=240s, T;=30s PID0 K,=8, T;=120s, T;=30s

ncenasion NuOH(p) NaHCO, () contol prod
NaOH 1 NaHCO; 11 6.1 206.3 500
7.0 216.6 538
NaOH 1 NaHCO; 20 4.1 123.1 191
3.5 189.4 229

R4 4hZAFREHFMARMA ZHETHER
Tab.4 The result of different project of adding neutralization solution in 24 hours

W (g-L™') concentration NaOH(g) NaHCO;(g) #E A (s)  control period
1 NaOH 1 NaHCO; 18.5 3.3 258.5 203
2.8 222.2 261
3.5 260.5 300
3.3 321.0 335
LA total 12.9 LA total 1062.22
2 NaOH 2 NaHCO; 19.6 2.8 126.6 174
3.3 144..5 210
3.8 162.5 248
3.3 126 .4 194
3.8 184.2 233
3.8 180.6 232
L total 20.8 L total 924.83
3 NaOH 1 NaHCO; 11 4.7 140.3 434
3.8 118.6 403
3.0 113.4 332
3.0 103.1 333
2.8 67 273
4.7 123.8 401
L total 22 L total 666.2
®5 AREFMITEN PID S TNV R BE R e AR € A . B L) PID S 40F0
Tab.S PID parameter of different adding project :P;Fﬂ]’g;@m I, XA FE H‘J?’%Eﬁ g%gﬁ%ﬁ;@
K, T.(s) T.(s) RARER BN R,
1 DI T b AR K E SR B, 3R Sk 2 S 3, LA
o ! 120 % IR 7 d BLIE VL, R R E .
9 PID1 4 240 30
PIDO 6 120 30
s PID1 7 180 30 xo6 TEFEMATEEBMBINERE
PIDO 8 120 30 Tab.6 The number of opening electromagnetic
valve in different adding project
3.5 HttwmER s, 1 3 1 8
T k= H#mEAEHBEESE N pH = number of opening electromagnetic valve
AR, L ANAE PR K A B W, B KRR R 15 R ; g’z

AN R B, X R AR B
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